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The aim of this study was saving of chromium and nickel content in the austenitic stainless steels,

SUS 316 and SUS 321.

By control of primary solidification mode, new austenitic stainless steels with good weldability,

high toughness and corrosion resistance could be developed.

The main results obtained were as follows;

1. Hot crack resistance of laboratory melts was good and higher than imported austenitic

stainless steel.

2. Cryogenic and room temperature toughness of laboratory melts were high and laboratory
melts M-7 to M-9 showed very high toughness than SUS321 imported stainless steel.
3. Intergranular corrosion resistance of laboratory melts was higher than improted stainless

steels, SUS316 and SUS321.

4. By this concept of controlling primary solidification mode, could save expensive alloy

additives, chromium and nickel.
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Table 1. Chemical compositions of stainless steels

swlel s FRES R

A AR7LS) e SR obee $44 A4,
27 54 o A4S FRASE Zolth,

Wiz 75 &

I, 8% #

Aol AH8-3 &3 et A8l 253 As) WP
o) AMHE FAr) AE2 sho) SUS 316, 321 %
347 AeAE sy A FHos AR F= &
slztgdol] ol3le] 907 shgirt,

3l ZAglell dolME= 9Fe Sal7tbe] wla i
% 0.06%, Si,Mno| #f3e 22 1.0%, 2.0%
2 §F AAsge, SUS3L6 Aokl Niz Crdt
e 7 10,0%, 16,0%, SUS321 A=A+ Ni
# Cr 3hieks 24 9.0%, 17.0%% %32 313
123

=38 SUS347 Al Nist Cre] #Hf-ag 7zt
9.0%, 17.0%=, 71ete 3 U4 7S g
A)1A SUS316 A<= Mo2 H7leke 1,75%~2.
5% H9lolA 3etAlE Wk Zeh, SUS321 A=A
2] %ol Ti H7beEE 0.4~0.6%2] HelolA 3
chAl 2 sz, SUS347 Aae] 7ol Nb
A71EES 0.86~0.90%2 W= sigich

3] ZdAloll e 24t W Arke] B o2 Ferro-
Si-4 Ferro-Mnell 9|5l &3] ziFe| &ata} Si
3 Mnel #H7}2 walsigdey, =3 Mo, Nb, Ti o
Vo] #rloll= 77 Ferro-Mn, Ferro-Nb, Ferro-
Ti W Ferro-V& AH&313ir}, o of A48 ¥

No. of Chemical compositions, wt. %
specimen C Si Mn P S Ni Cr Mo Ti A% Nb
M-1 0, 088 0. 93 1,78 0,080 | 0,015 9,13 14, 87 1.75 0. 004 0,53 Tr
M-2 0. 097 0. 96 1.83 0.008 | 0.015 9,25 15.17 2,31 0,004 0,01 Tr
M-3 0.097 | 0,92 1,84 | 0.008 | 0.012 | 9,70 | 16.43 | 2,75 | 0.005 } 0.87 Tr
M-4 0,010 0,99 1,86 0,006 | 0.010 9.24 17.01 0.05 0. 009 0.57 0. 86
M-5 0. 096 0.99 1.88 0,007 | 0,011 9.04 17,06 0.02 0,010 0.01 0.88
M-6 0. 100 1,07 1.89 0,008 | 0,010 8.90 16, 81 0,02 0, 009 0. 96 0.90
M-7 0, 090 0.99 1,94 0,007 | 0.010 8.95 17. 05 0,02 0. 400 0, 60 0. 007
M-8 0,097 0.98 1,98 0.007 | 0,010 8,91 17. 04 0.02 0, 490 0,03 Tr
M-9 0, 094 0, 98 1,96 0,007 | 0,010 9,07 17,13 0.02 0. 600 0,95 Tr
SUS316 | 0,050 0,68 0.96 0.027 | 0.011 | 10.13 16,87 2,24 - - -
SUS321 | 0.050 0,64 0,90 0,032 | 0.005 9,06 17.28 - 0. 360 - -
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Fig. 1. Trans-Varestraint test results of melts and
SUS 321 (applied strain 2%, shows variation
of total crack length).
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Fig. 2. Trans-Varestraint test results of melt and
SUS 321 (applied strain 2 %, shows variation
of maximum crack length).
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Fig. 3. Trans-Varestraint test results of melt and
SUS 321 (applied strain 2%, shows variation
of average crack length).
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Fig. 4. Trans-Varestraint test results of melt and
SUS 321 (applied strain 6 %, shows variation
of total crack length).

AL o 4 gleh o] AL BAIE AY A3 M-30lA4
ab Fdo] LAslgy] Ax dAsE Aoz AlEHA
Foll4] M-39] & 74 Aol 2ol AAE 4
AHc}h, Bt HEEe] 2%E WE At AAA
23 M-1¢ 2 74 Aol w8 & F Urh

Fig. 4~Fig. 6oll= H7b #g o] 6%2 7+
Trans Varestraint A&7 3% epligic}l, Fig 4

applied strain : 6 %

o
1

o)

Maximum Crack Length (mm)
o
[S]
i

Material
Fig. 5. Trans-Varestraint test results of melt and
SUS 321 (applied strain 6 %, shows variation
of maximum crack length).

applied strain : 6 %
i~ - [+3]
g 0° H
E F [ a3l g o]
£ o4 [ : it
o . M .
C | .o . e
¢ i : i
- .o . .o
e 03F [ : : AT
v .o I . . .
o N, . 2 HEm
o N R N A R R
JRY: S £ I B R N e WO R W EE N e
o M| M| IM] IM] IM] [M] IM] M IM] IS
v oo g bl o e e el o] 1o tU
gf 1{]2 4l 1516} 171 18] [9] |S
<O e Lol feet fesl Josf Jesf fel Jesf [l |3
it H HEHEHERIE IR
SR B B B
0 . X . .o (X3 x) L L [ X2
Material

Fig. 6. Trans-Varestraint test results of melt and
SUS 321 (applied strain 6%, shows variation
of average crack length).
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Fig. 7. Cracks of Trans-Varestraint test (Cracks
exists perpendicular to ripple. Mag.:12.5X).
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Fig. 8. Hot crack morphlogy and microstructure.
a: laboratory melt M-3, b: SUS 321
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Fig. 9. Charpy impact test results of test specimen.
(tested at room temperature)
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Fig. 10. Charpy impact test results of test specimen.
(tested at -196°C)

AR FAsch, 23 24 27l e T4
HEE 2418)7] $isked SUS3219| A% £AH=7%
SAAF 2004, SAHEE 20cm/ming 3l As-
weld Aol o] £4] AF2 844 B (pulse) &
WG S o FFolA §A3] YAEEE &
3 WEA|7] Aol dhsle] BAlso] WstE zAls)
ek,

Fig. 11o& &34 M-1~M-99] =« =
SUS321 A9 ¥4 Ay Ans vebdct, o] 28



VARE BR el 98 2amdelER 2elqels FiREe] BIR

300}- 14
“1 Base Metal

£ |
o i =
< 200 i B
o i i
] 3
« - i
s [ 5
g 100}~ S
5 . 3
© H 2
5 ™1
Ml |..
“ Akl
sl 1A sl 120 13

0

Material
Fig. 11. Corrosion test result of base metal.
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Fig. 12. Corrosion test result of weld metal.

300}
i Base Metal : SUS 321
-~ B
I : B
(\E 200} 3
@ L 35 i
~ B 3 __
" . a i I8
5 e Y e fE
¢ I I N B
R N ' wl |
@ | aQ w N
o | e s
S N ves { e
0 I 222
| N e see
EE d I
0 : H I

Welding Method

Fig. 13. Effect of welding condition on corrosion
resistance of SUS 321,
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